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ABSTRACT: Since chemical reaction rates in general are proportional

to concentration, or surface area, it is mandatory that particle size of
fuel-oxidant systems be controlled for vptimum burning time performance,.
Of the many methods of particle size measurement, it must be determined
which one is most applicable for control and research use. A literature
review was made and samples of powdered metals were analyzed by
several methods. These results indicate tentatively that a turbidimetric
liquid sedimentation procedure is most suitable.
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The work reported herein was done under Task RMMO 53 201/212
1/F008 11 001, '"Power Sour ces for Actuated Devices'', The
information presented represents the comtined results of a literature
survey and a limited amount of experimental data obtained from various
sources. The technical comparison of seve al commercially available
instruments for determining particle size was made with a specific end
use in mind. The conclusions are those of the authoras and no general
endorsement of a specific instrument by the Laboratory is intended or
implied. The study will serve as a technical guide for particle size
analysis in programs where finely divided powdered materials are used,

W. D. COLEMAN

Captain, USN
Commander
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PARTICLE SIZE MEASUREMENT AND THE EFFECT OF
PARTICLE SIZE ON THE BURNING TIME OF
CHEMICAL DELAY COMPOSITIONS

.INTRODUCTION

Chemical delay compositions are fuel-oxidant systems which
depend upon a thermocheruical reaction fo: the desired perform ance.
The primary function cf this chemical system is to produce heat.
Engineering anplica.ions are derived from the ability to produce heat
at a predictable rate in order to provide the correct time interval
between two temperature actuated evers.

The chemical reactions in the fuel-oxidant system are governed
by the nature and concentration of reactants, their temperature and
the pressure in the system. Concentration of reactants in these
mixtures must be viewed in terms of intimacy of contact between the
fuel and oxidant particles. Fine powders will have a greater amount
of surface area and consequently more contact between fuel and oxidant.
Thus it is readily apparent that particle size of the reactants will
influence the burning time of a given composition. This is shown to
a marked degree with tungsten powder which is available in a wide
range of particle size distributions. Table [ illustratcs this effect,
Although the percentage compositions are not identical they are close
enough that little difference in burning time would be noted if the tungsten
fuel had the same surface area The weight average diametier and the
surface area were determined on the Micromercizraph. It is seen that,
under these conditions, a fuel with about twice the surface area will
have a linear burning time of about 1/5 of the former.

Obviously, the real factor in the reactivity, or burning rate, of
delay compositions is the specific surface area. Average particle
diazr er, alone, is of I <5 value in predicting reactivity because its
correlativn to su-lace 2rea ;s not aivays known. However, if an
accurate particle size distribution ~an be dectermined, surface area
can be estimated providing the shape of the particles is known.

In the delay system utilizing ma-.ganese iuel and barium chromate-
lead chromnate oxidants, particle size, or surface >r~a, of the manganese
is doubly important because the metaj i- {irst treated to stabilize it

o6
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against oxidation after loading. If the particle size distribution is

such that the surface area is greater than about 1200 cmzlgm. the
reactivity is too great in the treating process and irregular effects
occur in the burning delay column. Manganesaec fuels having surface
areas below about 900 cm?2/gm are too coarse to burn reliably in the
D-16 delay compositions. The acceptability of a lot of manganese
powder can be checke:l by its performance when burned under standard
test conditions in a composition containing 407 barium chromate, 29.8%
lead chromate and 30. 2% manganese. An acceptable powder should burn
between 12 and 14 secands per inch in thai¢e composition.

DISCUSSION OF PARTICLE SIZE METHODS

General

The numerous methods which have been developed and advocated
for particle size analysis indicate the importance and the complexity of
the problem. Particle size distribution methods may be classified
generally as direct or indirect. Direct methods are those in which
particle diameters or volume are determined by measurements on large
numbers of individual particles. The microscopic method and the Coulter
Countey, which is calibrated to determine the size of a particle from its
electrical effect in an electric field, are examples of direct methods,
Indirect methods include those which provide for segregation of a mixture
of particles, in one way or another, according to their diametere. The
quantity of ma terial in selected fractions is then estimated by weighing,
by turbidimetric or radiation scattering techniques or by density measure-
ment. Separation of particles into size fractions is usually accomplished
by sedimentation in gaseous or liquid media or by elutriation methods,
Many texts and treatises are available which adequately described most
of these methods. Some of them will be discussed below.

DIRECT METHODS
M: roscopic Method
The microscopic method, rceferences (11), (15), (19) and (22), is
the most direct one for obtaining particle size. This involves the dispersion

of a small sample on a slide and visually sizing the particles. Probably
the most important aspect of thic method is to get a representative sample
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of the material, for only an extremely small amount is needed for each
slide. Dispersing the samples may present problems. Several variations
are available, ranging from dispersion in 4 drop of liquid to dry dispersion.

Varivus eyepieces are available. Some, as in the film micrometer,
require direct measurement of each particle, while others have calibrated
circles or cquares and require comparison or estimation tcchniques to
obtain particle size. For obtaining size distribution, the particles are
classified according to size rarges and 200 to 1000 particles must be
measured, depending on the statistical accuracy required. Automatic
scann.ng devices hav: been developed but they require complex photo-
clectronic equipment,

Because of the lengthy, tedious proceduce involved, operator fatigue
resulting from repeated counts, and the errors resulting from operator
bias in estimation and comparison techniques, the microscopic method is
not considered a suitable means for routine particle measurement. The
microscope is, however, a valuable instrument for preliminary observation
to determine particle shape and agglomeration tendencies.

Coulter Counter

The Coulter Counter, reference {23), is one of the newest instruments
for determining particle size distributions. This apparatus is manufactured
by the Coulter Flectronics Company of Chicago.

The sample is dispersed in a liquid and 1/2 cc of this suspension is
forced through a tiny orifice which has an ejcctrods on each side. As a
particle passes through the orifice it causes a change in the resistance
between the electrodes which is proportional to the size of the particle.
This change in resistance produces an electrical pulse which is scaled
and counted electronically. To obtain a distribution curve, the pulses are
fed to a threshold circuit which records only those above a certain selected
inagnitude. This gives a poir® on the distribution curve of percent of
particles . .ove the cor-~enand.a, +ize Ny changing the threshold level,
ather points on the diztribution curve can be ubtained, [t i« reported that
data for a 10 point distribution curve can de obtained in 10 minates. The
princinle of operation makes it necessary 10 have a difference in electrical
conductivity between the particlee and the di-nere’n; medium. A ratio of
3t 2 or better is nececssary. Of courem it iv pean=tial tn ka.a th particles
cormnletely deagplomerated.,
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This method may be suitable for control situations. Data collected
in this investigation were insufficient to establish the reliability and
precition of the method.

INDIRECT METHODS

Cieneral Theory

Sedimentation methods, references (9), (10), (11), (15), (18) and (19),
are based on Stokes' Law, which ccrrelates the si-e of » spherical pa ticle
with its terminal velocity of {all in a fluid medium. These methods for
particle size analysis Jeper.d on the differences in particle velocity created
by the dependence of the total settling force on the particle's diameter or
size. For a spherical particle settling under the pull of gravity through a
viscous medium, the velocity is given by Stokes' Law:

28a%(q; - 4

[~

where V = velocity in cm/sec
g = gravitational acceleration, cm/sec?
a = radius of the sphere
d; = density of the sphere, g/cm3
d, = density of the medium glem3
N = viscosity in poises

Thus, it is seen that particles of a given material settling in a given medium
will acquire velocities proportional to their diameters. The concentration

of particles and the size distribution will vary with time throughout the
settling cha: oer. If the roncen.=~tion of particles at a given level can be
determined at successic @ time inlcrvals, a gize distribution can be calcvlated.
Since most particulate materials with which e are concerned do not have
spherical shapes, it is necessary to define 2 Stokes' equivalent diameter.

This is the diameter assigned to an irregular particle, «which is equal to the
diameter of a spherical particle that has the ~ame density and falls with the
same velocity.
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In sedimentation procedures, it is essential that the particles be
completely deagglomerated and dispersed in the liquid. Agglomeration
is a result of several factors, and probably the most important is due to
the attraction particles have for each other as a result of small clectricai )
forces. Particles having diameters below about 2 microns are most
- susceptible to this effect.

&

Once the proper dispersing medium is chosen, it is necessary to find
the most effective dispersing agent and technique for obtaining complete )
deagglomeration. The techniqu« should provide the initial force for ae-
agglomeration, and the dispersing agent should prevent reagglomeration
and flocculation once the particles are in the suspending medium,

Another point is that very fine particles settle slowly, thus lengthening )
experimental time. This is a disadvantage of most liquid sedimentation
methods.

It should be kept in mind that in all sedimentation methods it is assumed
that the particles fall freely, with no interruption. Stokes' Law deals with ’
a single falling sphere. Thus. anything which interferes with the sedimentation
process will be a source of error. If the initial concentration is too large
the falling particles will interfere with each other. Tests have shownt hat if
a concentration of one volume percent or less is used, the interference between
particles is negligible, reference (9). ’ ®

The following methods describe some of the various procedures for
obtaining the data on particle concentrations during the sedimentation process.

Diver Method ’

In this method, references (9), (10) and (15), the specific gravity at a
point in the suspension is determined by small scaled bulbs called divers.
A series of bulbs of decreasing specific gravity is used. A diver is released
at the surface of the suspension and its distance below the surface is measured
at the end ¢ 2 selected ti'ne int. r- - !. Using Stokes' lLaw, the diameter of a
particle which falls thi. distance in the elapsed time may be calculated. Knov:-
ing the specific gravity of the diver, the initial suspension, and the suspending
medium, permits calcul~tion of the percentace of narticles finer than that size.
Each diver pives information for onlv one ' y-rcentace finer than' fraction,
thus the whole series must be used to obtain : size distmbution cueve,
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The disadvantages of this method are readily evident. A large
concentration is necessary, thus particle interference and agglomerations
may be present. Since the divers are placed directly in the suspension,
they may interfere with the settling process. If very fine particles are

_present, the experimental time will be prohibitive'y long.

Du.: to the inherent inaccuracies, and the length of time involved in
obtaining the necessary data -his miethud is considered to Le yenerally
undesirable for either control or laboratcry determinations.

Hydrometer Method

The hydrometer method, references (9), (i0), and (17), is similar
to the diver method in that it measures the specific gravity of the suspension
at various levels below the surface. A hydrometer is used, and it is with-
drawn after each measurement. The center of the bulb is the point of coacern,
80 the stem must be calibrated to show the depth of this center below the ’
surface. Several corrections need to be applied to obtain a true reading.
For instance, a correction is necessary to account for the rise in liquid
level due to the insertion of the hydrometer. Specific gravity and depth reading
are taken at predetermined times, and calculations are similar to those of
the diver method. »

In general, this method is also considered to be undesirable for control
or laboratory determinations since the same disadvantages which exist in the
diver method are present.

Pipette Method

This is probably the most common of the increment sedimentation methods,
references (v,, (10) and (15). Samples of the suspension are withdrawnat pre-
determined settling times at a fixed level. The concentration of each sample ’
is determined by evaporation to dryness and weighing. A plot is made of
C/Co versus time, where C is the concentration in weight percent. Slopes of

this curve re taken, and with .ir™eters calculated from Stokes' Law, a size
distribution curve is d: termined.

»
A new pipette with sampling tubee 2t three different levels has been
developed. This reduces the time necescary for a determination when very
fine particles are present,
»
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As in the two previous methods, a high concentration is necessary,
thus the problems of interference and agglomeration are present. Tests ’
have shown that the results vary with the size of the sampling tube, the
position of the orifice at the tube end, and the speed of withdrawmg the .
sample, reference (10). It is necessary to assume that ail of the sample
comes from the eame level as the orifice. This may or may not be true,.
withdrawing the sample itself 11y interfere with the settling precess. ’

In view of these inaccuracics in2 sources of variation, this method
is considered undesirable for control or laboratory particle size distribution
dete rmiinations.

Sedimentation Balance

The sedimentation balance continually weighs the accumulation of
particles that have settled out of the suspension. Various methods are
available for following the settling process. An automatic recording device ’
may be used, or a lever arm arrangement with a pointer and scale is also
adaptable. Weight readings are expressed as percentages of the total
accumulated weight, and plotted against the natural logarithm of time. This
curve is differentiated and these values plotted on the same graph. The Py
difference between the two curves gives the weight percent of particles . 0
greater than the size which corresponds to the time of fall as given by Stokes’
Law. Repeated calculations yield a distribution curve.

Several serious disadvantages are present. It is rather difficult to ’
disperse the sample completely and then introduce it into the sedimentation
medium above the pan. Due to the fact that the pan movee downward during
the settling process the depth of fall yradually :ncreases; this action, along
with the density changes which occur in the suspension, causes convection
currents in the dispersiny medium, thus introducing errors. A high
concentration is necessary, so interference and agglomeration may be

present. The slow fall of fine particles is also a disadvantage and differentiating
the curve red..» »s the accuracy. *

A variation of the cumulative weight techrique, references (15) and (23),
uses a gas rather than a liquid for the sedinentation medium. Any method
using a gaseous medium would seem to de preferable to one using a hiquid
sedimentation medium. The reason is that pa-ticles <ettle much faster in
a gas, thus allowing use nf 3 longer sedimentision columrn which chouid give
freater 1ccuracy.
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An instrument which is readily available is the Micromerograph
manufactured by the Sharples Corporation of Philadelphia. A small
sample is forced through a conical shaped deagglomeration slit with
compressed nitrogen gas. The sample then enters an eight foot sedimentatis:
column filled with air. The particles settie out onto the pan of » servo-
electronic balance which automatically records the accumulated weight versus
time. Th's accumulated weight-time c'rve is intcrpreted by using two termplates
which are based on experimental calihrations and are reported to take into
account discrepancies arising dve to non-sphericity of the particles and variations
in initial velocity.

An inherent disadvantage of the Micromerograph is the effect of static
charges on the particles, despite the fact that anti-static agents and devices
are used. This is largely responsible for the significant loss of fines in the
0-5 u range, which has been reported in reference (24). The repurted loss of
fines has been confirmed on the Micromerograph which is in operation at this
laboratory. The "hang-up'’ usually ranges from 30 to 70% of the original sample.
It s this effect which rencers the performance of the Micromerograph something
less than satisfactory. Several corrective suggestions have been proposed.
These mainly involve treatment of the particles or the instrument with anti-
static solutions or devices. Nocke and Mclean, reference (14), have beer. able
to eliminate the reagglomeration tendencies of the particles by ionizing the air
at the deagglomerator exit, with an X-ray beam. However, the effect on the
hang-up was not mentioned. To date, the problem of "hang-up'" remains unsolved,

It is felt that the Micromerograph wouid be a suitable instrument for control
analyses if some reliable means for overcoming the "hang-up' effect could be found.

Pressure Method

This method, reference (4), makes use of the density change which occurs
As the particles settle out of the suspension. A settling tube is fitted with a
capillary side arm which serves as an inclined manometer. The side arm is
filled with clear suspending medium, the settling tube being filled with the
suspension. ° . the particles sett’-- out, the density decreases at any given
point, thus the meniscus i, the inclired : ;:anomeler begins to reccde. Meniscus
pusitions are recorded at various time< ard *hese are -xpressed as fractions of
the total recession, This data is plotted and tangents are drawn to the curve and
extended till they intercept the axis. The dificrence beturen anv two of these
intercepts will be the weight percent of the total sampie corresponding to the size
range which 13 calcuiated from Stokes’ Law by using seftling tunes given by the
two tangents,
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This method has several sources of error. As in the previous
methods, the high concentration required introduces problems of particle
interference and agglomeration. As the meniscus recedes, some of the
clear liquid from the side arm will flow into the settling tube and couse
convection currents which will interfere with the scttling process.

Cen trifu&gl Method

When extremely fine particlos are present in a sample they will settle
slowly under ordinary gravitational force. In order to reduce the time
necess=:; for a determ:ination, centrifugal force may be used to assist the
sattling process, references (8), (10) and (15). It should be kept in mind that
the centrifugal device only assists the settling, therefore it must be used in
conjunction with some method of actually determining the particle size.

Johnson, reference (10), investigated centrifugation in an attempt to
explain differences found in experimental data. He made the hypothesis that
these differences were due to the fact that larger, faster falling particles
give an impetus to the smaller, slower falling cnes. This effect would
definitely be presert if a sample with a fairly wide size range were being
analyzed by centrifugal methods.

Elutriation Method *

Elutriaticn rcthods, references (15), (16), (17), and (19), actually
fractionate the powdered sample into several size fractions by a vertically
moving column of fluid. A commercially available instrument is the Roller
Analyzer which uses air as the fractionatine medium.

The sample is held in a U-tube which is constantly agitated to assure air
contact with the whole sample. The air is passed through the U-tube and a
vertical column at a known velocity, and only those particles which have a
terminal velocity of fall less than the velocity of the moving air are carried

uvver and separated. By varying the air velocity and the diameter of elutriator
tube, variou. size fractione can Lo -~-parated,

Sceveral major disadvantages are present. .t lower velocities the air
flow through the elutriator is streamline, - hick ineans that the velocity
gradient across the tube diameter is paradbolic. The maximum, at the center
of the tube, is twice the average velocity. BRecause of this wide rarnce of

10
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velocities through the tube, a sharp separation is not possible. Also, the
instrument separates the sample into fractions, and exch fraction would

need to be analyzed by some other method' to determine its actnal size
distribution. If 10% of the particles are less than 54 in diameter, 2 complcle
fractionation would require about 8 hours, reference (3). 1his would be
prohibitively long.

@

This method is not consicered suitable for control or laburatory
determinations due to the lengih of time involved and the inherent inaccuracies
present.

Turbidimetric Method

Turbidimetric methods for particle size analysis are used in conjunction
with sedimentation procedures to determine the concentration of particles at
given distances below the surface at successive time intervals., From this

data, and Stokes' Law, particie size distribution of the sample can te
calculated.

When a beam of light {s intercepted by a turbid medium, part of the incident
light is absorbed, part is directly reflected and part is scattered. The attenuation
produced is a function of the concentration, particle size distribution and color
of the suspension, If a beam of monochromatic light of intensity I passes through
a lamina of thickness dl, the intensity will be reduced by scattering by an amount
proportional to I and the thickness dl. Then the decrease in intensity

dl= - LIdl (n
where b = is termed the scattering coefficient, Similarly, for absorption, alone:

dl=-kidl (2)
where k = the absorption coefficient.

Integrating ¢+ above equations, ' -: c“tain,

|
S fa o
0

or

In 7= - bl (1
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and

I 1

f‘u .-k ﬁ, (5) or, ln;% = « ki (6)
T .

Ly 0 )

Solving for I, and combining equations (4) and (6),

=(b + kj!

L= xoC (7

The expression (b + k) is called the extinction coefficient and is given the
symbol . Then

-0l
‘t = Ioc (8)

If light attenuation is due mainly to scattering, which is usually the case in
turbidimetry, equation (4) may be written

c—(!(w r2 nl)

9

where n =number of particles per unit volume of dispersion
K = total scattering coefficient = the efiective scattering
cross section divided by the geometric cross section
wrl =cross section area of particle

Values oi ' have been tabulated for particles of various diameters. For
extremely small particies K is nearic zero, Ite value increases rapidly

to between 3 and 5 for particlcs in the range of approximately 0.3 t0 0.7
microns. As the size of the particle increases, K drops to a constant value
of 2. When values of K are known, anc when either the particle diameter

or the number of particles are known, the «ther may be determined from

the ratio It . If both u and r are unknown they may be determinad by making

transmission measurements at two different wave length< and «ntting up
simultaneous equations ue«ing equation (9).

12
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Through a combination of sedimentation and transmission measure-
ment, a patrticle size distribution can be found. Tranquil settling of a
dispersion of non-uniform particles will result in a separation of particles
according to size so that transmission measurements at known distances
below the surface at selected time intervals, will, with Stokes' Law, give
the concent: ation of particles ¢f known diameter. Thus a size frequency
distribution can be obtained.

Wagner, reference (21), resented a method Jor particle size
determination whick led to the development of the Wagner Photoelectric
Turbidimeter. This apparatus has the optical system on a rack which can
be moved vertically to examine the suspension at different levels. Musgrave
and Harner, reference (13), used a variation of Wagner's original method
in which the light beam traverses the suspension at a fixed distance below
the surface. A plot is made of percent light attenuated versus time. Fron
this, increments of light attenuation for various size ranges are determined.
These values are converted to weight percent by the use of ""equivalent hiding
power''factors,

The usual problems encountered with any sedimentation procedure are
present. It is necessary to use a dispersing liquid compatible with the
materials being tested. Also, dispersing agents and technique must easure
complete dispersion and prevent agglomeration. These factors may vary
with materials and therefore require special aitention when new materials
are to be analyzed.

With most materials the above problems can be solved satisfactorily
and the turbidimetric method offers a convenient and {airly rapid method
for control or laboratory use. A small concentration is sufficient sc that
particle interference and re-agglomeration tendencies are negligible, in
contrast to other sedimentation methods which require larger samples.

The settling process is followed without any instrument interference during
the run. The method also allows a decrease in the time for an analysis when
very fine _ .rticles are presen: brcause the sedimentation chamber zan be
lowered thus avoiding a long waiting veriod for the fine particles to drop
into the light path.

EXPERIMENTAL VYORK
The turbidimetric method appeared tec be one which might vifer

improved accuracy and less time per determination. In order to better
evalunte this method, experimental work was done by one of the authors

13
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on an Eagle-Picher Turbimeter at Diamond Ordnance Fuze Laboratories,
Runs were made on four lots of tungsten,
¢ At least two samples from each lot were analyzed. The experimental
procedure followed was similar to that given in ~eference (14).

Experimental work was alac done on a light microecope. Two samples

from one lot of tungsten were aualyzed in order to determine if any

¢ correlation existed between this and other methods of particle size analysis,
Three slides were made up from each of the samplea A total of 300 to
400 particles per sampie were sized, using all 3 slides of that sample. The
eyepiece was divided into 23u squares, the center one of which was subdivided
into 4. 6u squares. The particles were sized by estimating their Martins'

] diameter, reference (7), and then they were tabulated in size ranges.

Prior to the beginning of this work, samples from two lots of tungsten
were sent to Coulter Electronics, for analysis on a Coulter Counter, and
to the National Bureau of Standards for analysis by the B.E. T. nitrogen
¢ adsorption method. These results were then compared with those obtained
from the Turbimeter and from the Micromerograph which is in operation *
at this Laboratory.

In sedimentation methods, it is generally assumed that the particles
® e are spherical. Continuing this assumption, the total surface area may be
calculated from the particle size distridution curve, If it is assumed that
this curve is a trus representation of the facts, the most reliable value for
surface area will be obtained by summation of the areas for the largest
number of weight fractions or, in other words, the smallest increments of
. particle diameter., However, due to assumptions and normal experimental
variables which introduce some uncertainty into the curve, calculation of
surface area with numerous fractional ranges corresponding to small
increments of particle diameter is not usually justifiable. As a compromise,
division of the sub-sieve range into diameter intervals in the form of a
geometric pror ;esnion will usual'y provide a resonable estimate of the

¢ surface area,

The relationship between surface area per gram and diameter gives

the following:

¢ »D2 !

S= W where W = weight

since W is derived from the density of the material, G,

w -

L G= Vorw=GxV !

14
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then S wﬂzzwD"SG
en S *JE “#D3G DG
=

S s 6 x 104
N

where S = cm?/gm
D = diameter in micsons
G = density of tl.e material in grams per cubic centimeter

From this equation, surface area for any given diameter particle
~an be found and if this is multiplied by the weight fraction of sample
having that diameter, a figure is obtained for the total surface area of
particles of this diameter in the sample. Summation of these values for
the various diameters gives the total surface arca for the powder. This
can be expressed by an equation of the following type:

2 - Wp Wq -
Total Specific Surface = &% ﬁé“z ) o, 6x ‘% 4- W2

4
+ 6x 10 (W; - Wy)
DG

where W, = weight fraction of particles less than diameter x

DA, B, C = average particle diameters in microns over the interval,

In the above way, the following equation was developed to give the specific
surface d tungsten powders in cmzlgm,

The values of W can be taken from the particle size distribution curve. The
equation applies only to tungsten or muaterials of equal density.

15
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RESULTS

The results of this project are partially summarized in Table II,
Column 6 lists the burning times of standard delay test mixtures. Since
the tests were carried out at identical cunditions of percentage composition
and temperature, and in the standard test fixture described in NAVORD
OS 11131, these burning times serve as a means of checking the relative
fineness of the powdered fuels, The rapid burning times indicate that both
M-10 and M-20 are very fine. Also, the M-10 is def..itely finer than M .20,
as shown by the difference in their burning tiznes.

Keeping in mind that the specific surface is a gauge of the fineness of
a powder, comparison of the result for M-10 and M-20 in Table 1l shows that
the Turbimeter yielded analyses which were consistent with the burning time
data, that is, M-10 is a finer powder than M-20. The Micromerograph showad
a smaller difference between these two iots. The Coulter Counter gave results
which were inconsistent with the burning times. It showed both powders to be
quite coarse, as indicated by the small surface area, and that of the two, M-20
is finer. The B.E. T. nitrogen adsorption method also indicated coarse powders,
and failed to show any difference between the two lots,

Two lots of another type of tungsten were run on the Turbimeter and
Micromerograph as a further test of these instruments. Delay compositions
were also made up using powders ND 3499 and ND 3657. Since the burning
times for compositions burning in the 40 second range may vary by as much
as 3-5 seconds from batch to batch, the difference in burning time for these
two compositions cannot be significantly related to the difference in particle
size. However, the differences in burning time between these coarse powders
and the finer M-10 and M-20 is readily apparent.

A comparison of the distribution curves given by the Turbimeter,
Micromerograph and Coulter Counter for identical samples of tungsten is
shown in Figure 1. It seems possible that the lack of fines shown by the
Micromerograpt was due to the exc*saive hang-up which has been reported.
The extreme coarseness of the resulis giv-on by the Coulter Counter is un-
explainable, however, inadequate deagglomer.:.tion could produce this effect.

The time required to determine a compiete size distribution curve on
the Turbimeter and the Micromerograph varies with the fineness of the
purticulate material. In this experimental work, the longest time involved
in obtaining a size distribution curve on the Turbimeter was about 2 hours
30 minutes, The time for analyzing a comparable powder on the Micromerograph

16
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at this Laboratory was about 5 hours. It should be kept in mind that about
4 hours of this was necessary to allow the sample to settle. Since the
recorder is automatic, the operator was [ree to do other work during this
time. Also it is possible to adapt a recorder to the Turbimeter, and thus
free the operator of a similar proportion of the experimental time.

The precis’un of the Turbimetcr is reported to be + 2%, reference (12).
Table III shows the precision ob*ained in this work. Column 4 is the standard
deviation of the specific surface values, and column 5 gives these as percentages
of the mean specific surface values.

An indication of the .eproducibility of the Turbimeter is shown in Figure 2.

The results of the microscopic particle size determination are shown in
Figare 3. The number-size distribution of a sample was converted tc a
weight-size distribution using a method given by Herdan, reference (7c). Thie
was compared with the weight-size distribution given by the Turbimeter and
the Micromerograph for the same material. As seen in Figure 3, whichisa
log-probability plot, there seems to be no correlation.

It is felt that this is partially due to the effect of the extremely small
samples which are used in the microscopic method. This presents problems
of obtaining a representative sample and complete deagglomeration.

CONC LUSIONS AND RECOMMENDATION

A perusual of the results indicates that, among the methods considered
for particle size analysis, the turbidimetric method as exemplified by the
Eagle-Picher Turbimeter appears to most nearly conform to the acceptable
criteria discussed throughout this report. The precision and reliabi lity seem
to be adequate. Also, the simple technique involved and the time necessary to
complete an analysis make the Turbimeter readily adaptable to productinn
situations,

Although .ely divided i etale s -e the only powders analyzed on the
Turbimeter during this study, the instru.nent is adaptable to a wide variety

of particulate materials, including both organics and inorganics.

There are certain materials which are not adaptable to this method,
reference (13). These are very low specific gravity materials as flour,
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extremely fine, dark colored pigments such as Prussian Blue, and
materials with no particles above 0. 5u radius,

The Micromerograph also gave surface area values which were
consistent qualitatively, with measured burning times. However, its
accuracy s adversely affected whan the powder being measured contains
a high percentage of fines. Consequently, it appears that the liquid
sedimentation-turbidimetric method has fewer drawbacks and would seem,
at this time, to be the most suitable one for generai particle size distr.bution

measurement.
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